attitudes toward specific scientific or technological developments. Analytical work has mainly centered on formal questions, such as the relations between scientific literacy and attitudes, although other literature (usually in report form) has posed substantive recommendations to policy makers on how to improve understanding of certain scientific-technological advances or give "voice" to the public in the policy-making process. Few articles in the field have ventured to link specific analyses of science attitudes with studies of the culture, values, and other characteristics of the societies of the last quarter of the twentieth century (among the few we can cite are Evans 1994 and Durant et al. 2000) . The literature on the cultural reception of science and technology is primarily qualitative and historiographic (Handlin 1964; Hard and Jamison 1998; Hecht 1998; Holton 1993 Holton , 1995a Holton , 1995b Hughes 1989; Marx 1964 Marx , 1988 Shapin 1990 ), although we also find a few sociological pieces based on surveys predating the PUOS field. These sociological contributions stand out for a theoretical focus on exploring social differences in attitudes that has since been virtually abandoned (see Etzioni and Nunn 1974) .
The robustness of the canonical metric for the study of attitudes to science has moved in the medium to low range, as evidenced by summated scales with low item intercorrelations and reliability values substantially below the cutoff point of .70. Generally speaking, conceptual and methodological innovation has lost out to the preservation of variables and indicators in time series, which vary in length from country to country (the first dating back to 1957; see Institute for Social Research at the University of Michigan 1958; Withey 1959) , particularly the benchmark parallel U.S.-U.K. study of 1988 (Durant, Evans, and Thomas 1989) . In recent years, the work done for the Eurobarometers on biotechnology (in 1991, 1993, 1996, 1999, 2002, and 2005) and the survey of nine European countries plus the United States (2003 States ( to 2004 on attitudes toward embryo experimentation (Solter et al. 2003) have marked a significant advance in exploring new aspects and contents of the public's reception of science (among them the perception of risk, connections with worldviews such as images of nature and "the natural," and ethical principles; Pardo and Calvo 2006) .
Analyses of how the public views science have relied on "attitude theory" as a frame of reference, taking its assumptions on board without discussion. Quintessentially, that perspective presumes an evaluative continuum on which individuals can be placed and all that matters is their more or less favorable views of science. In this scheme of things, what counts for(e.g., the effects of science on the environment and science and religious or moral beliefs). This approach contrasts with the work being done on the study of values (notably the series known as the World Values Survey and the European Values Survey), which seeks to identify the types of substantive values dominating in each society and generational cohort and also the relationship between each society's values and its socioeconomic profile (Inglehart 1997; Inglehart et al. 2004) .
Most PUOS analyses have rested on a single axis or evaluative dimension with regard to scientific advances and their effects on society, bracketed by the two extremes of "total opposition" and "unqualified support." Recent studies, however, have constructed and used more than one dimension or facet of attitudes to science Gaskell et al. 2000; Miller and Pardo 2000; Pardo and Calvo 2002) . They have focused in the main on identifying linear (or, less frequently, curvilinear) relations between knowledge (high, low) and attitudes (positive, negative) and, secondarily, between sociodemographic variables or socioeconomic national traits and attitudes to science (estimated by parametric methods). Whether science, with its complexity and multiform nature, might not lend itself easily to the forming of predispositions or well-defined attitudes (positive or negative) is a question that has not been addressed (hence the sparsity of attempts to analyze nonsubstantive responses (NSRs; i.e., "don't know" and also "neutral" categories).
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This article offers an alternative to the dominant approach for analyzing existing data on perceptions of science. We seek first to clarify to what extent the public at large holds defined attitudes (positive or negative) toward science, proposing an "index of cognitive and evaluative distance" (ICED). We then examine the similarities and differences in perceptions of science between different sociodemographic groups and the different European societies at the end of the 20th century and revisit the central and most debated issue in the PUOS field: the relationships between knowledge and attitudes. In the closing section, we suggest that changes should be made in the measurement of perceptions of science, giving more weight to the different facets of the "reservations" dimension, and we advocate the greater use of multivariate exploratory techniques, combined with qualitative and historiographic analyses.
The analysis conducted flows from two basic assumptions. The first assumption is that science as a formal object of attitudes or views is extraordinarily complex, for a variety of reasons. One reason is that science is the specific activity of a research community linked by communication networks that are primarily reserved for those who have come through a strict selection and training procedure, clearly demarcated from the public at large in a process that began with the institutionalization of science in England in the seventeenth century and was increasingly formalized throughout the nineteenth century (Ben-David 1984; Shapin 1990) . A second reason is because of the variety of disciplines and organizational research frameworks (civil, military, profit or nonprofit oriented, basic, applied) and the rapid changes affecting the stock of scientific knowledge in a given period, which are simply bewildering for nonspecialists. Third, people encounter science not in the form of theories or models but embedded in processes, products, and systems, operating in the background, and it is difficult for nonexperts to disentangle the strictly scientific dimension of a given product or process from its usefulness or purpose. Finally, linking back to what we have just said, there is the penetration or interaction of science with numerous social and natural domains, in continuous expansion, which are characterized by very different valences.
It is therefore reasonable to anticipate the presence of significant cognitive and evaluative barriers to the development of attitudes or views on science at large and even on more limited or specific facets of science, difficulties that will be dependent on a vast array of cognitive variables (from educational level to interest in and familiarity with, even at an elementary level, scientific concepts, principles, general ideas and how to judge whether a piece of knowledge or claim is scientifically valid). Hence the interest in quantifying NSRs (i.e., plain nonresponses such as "don't know" but also neutral responses such as "neither . . . nor"), which we can take as indicators of people's cognitive and evaluative distance from the science object. A further consequence of science's complex and multiple associations with domains characterized by very different signs and connotations (from health care to arms and the conduct of war) is that we can expect the simultaneous presence of positive and negative perceptions of science, with one view prevailing over the other according to the domain or to the specific aspect or facet evoked by a given item.
2
The second assumption is of a more theoretical nature and refers to the decline in the advanced societies of the great omnicomprehensive ideational and belief systems (the Weltanschauungen of Romantic origin) as a way to explain or make sense of the world and as a framework for making and justifying decisions in the private and the public realms. Postmodernist literature on the crisis of the great metanarratives (such as scientific progress and the material progress that flows from it ; Heise 2004; Lyotard 1984) , the more specific politology and public-opinion literature on the belief systems of the public at large (Converse 1964) , and the literature of lifestyles (Minkenberg and Inglehart 1989; Sobel 1981) all point from their different angles to the phenomenon of the fragmentation of holistic thought (and perceptual) matrixes and their replacement by piecemeal criteria adapted to each case or situation and at times even mutually inconsistent, held together by the glue of emotions or interests rather than by formal or logical structures (Fiske and Taylor 1991) . Under these conditions, the broader public (not certain segments such as the "attentive public" [Almond 1960; Miller, Suchner, and Voelker 1980; Miller 1983] , the "engaged public" [Gaskell, Allum, and Stares 2003] , or the "better-informed public" [Sturgis, Cooper, and FifeSchaw 2005] ) can hardly be expected to display well-structured conceptual and evaluative schema, with a large degree of generality, and even less so in such a vast, complex, and fast changing system as science. A more plausible expectation would be to find "patterns" or "loose groupings" of perceptions and evaluative judgments. So instead of using an analysis method based on the additivity of items measuring attitudes or perceptions (regression analysis in which the exogenous variable is a summated scale), the preferred approach would be the application of multivariate exploratory techniques geared more to identifying patterns of association than formally quantifiable linear dependences between variables.
Our proposal is to initiate a line of analysis (complementing the conventional approach to studying attitudes to science) that seeks to map out the universe of public perceptions of science in the societies of the late twentieth century and the first years of the twenty-first century. What we intend to offer is a preliminary map of perceptions, highlighting certain fundamental vectors that have barely been explored and merit more in-depth study from qualitative and historiographic perspectives. The results obtained may also provide a heuristic path for developing more robust parametric measures of certain salient facets of science perceptions. The analysis presented here, whose main steps we set out in detail, may serve as a kind of "blueprint" for other researchers interested in this type of comparative analysis of literacy and attitude measures (nonlinear, facet oriented, pattern identification, comparing national versus sociodemographic variance).
3 Several issues will be given close attention in the process of mapping science perceptions. One is the weight and positioning of sociodemographic groups and nations; the possible homogenizing or, alternatively, differentiating function of groups with common sociodemographic characteristics, but belonging to nations with varying degrees of economic development and highly specific histories and cultures. The idea, in other words, is to ascertain whether nation, "as the maximal social unit not only of economic and political life, but also of social organization and culture, the 'way of life' we are part of" (Worsley 1987, 50) , still provides a clear differential framework for science perceptions in the closing years of the twentieth century or whether other sociodemographic traits (such as age, educational level, social status) are leveling forces of greater power than the nation structure (which tends to preserve singularities). We also want to examine the weight and significance of the specific cognitive variable of the PUOS field ("scientific knowledge") in the organization of the perceptions map, in comparison with more general social variables (age, social class). By this means, we will address the central issue in the PUOS field-the relationships between knowledge and attitudes-not in the canonical way of seeking linear relations between the two but to identify patterns or groupings in which deviations and differing degrees of associativity are accepted as the norm. Similarities and divergences of perception between sociodemographic groups in the extreme categories of the stratification system (high-low social status, high-low knowledge) on what the literature calls the "promise" of science (positive expectations) and "reservations" toward science (negative predispositions) (Miller and Pardo 2000) will help us zero in on findings that have not hitherto come to light because of the parametric approach routinely applied to the analysis of the data.
Eurobarometer Measurements on General Perceptions of Science
The literature on perceptions of science in advanced societies has one of its broadest and most solid supports in the regular studies carried out as part of the Eurobarometer series (in 1977, 1989, 1992, 2001, and 2005) . The most extensively analyzed of these surveys, and the one on which we draw for our analysis, is Eurobarometer 38.1, conducted in 1992 and incorporating most of the items from the parallel U.S.-U.K. studies of 1988. Its contents were replicated with scant variations in 2001 and with a number of formal and substantive novelties in 2005 (Eurobarometer 63.1), including the split into two parallel surveys on Europeans, science, and technology and on social values, science, and technology.
The twenty-three questionnaire items designed to tap Europeans' views of science and technology are included in questions Q62 and Q66, with wording as follows: "I would like to read you some statements that people have made about science, technology or the environment. For each statement, please tell me how much you agree or disagree." These questions were applied using the split-half technique such that half the sample (split A) was offered the following five response categories: 1 = strongly agree, 2 = agree to some extent, 3 = neither agree nor disagree, 4 = disagree to some extent, 5 = strongly disagree, and 6 = don't know. The other half, split B, was not offered the midpoint option (3 = neither . . . nor), in an attempt to push their answers toward agreement or disagreement. For reasons that are discussed in the literature, we confine ourselves here to the data from split A, which accommodates respondents lacking strong or elaborated views, either because they feel distant from the statement they are being asked to evaluate or because more complex reasons incline them to a neutral evaluative stance (Faulkenberry and Mason 1978; Krosnick 2002; Pardo and Calvo 2002; Schuman and Presser 1996; Thiessen and Blasius 1998) .
4 Table 1 reproduces the literal wording of the items, with plus signs indicating that agreement denotes a positive view of science and minus signs indicating that agreement denotes a negative view. The rationale behind the construction of the battery of items shown in Table 1 was not to formally explore the different facets of science as perceived by the public but rather to select a number of impacts presumably representative of all the major practical consequences of scientific research, whose aggregate score would provide a measure of attitudes to the "science object." One fundamental flaw of this battery is that, except for one item (referring to support for basic science, itself a label most people would find hard to grasp), it leaves no room at all for views of science as a way of knowing the world. The evaluative standpoint embedded in the battery is purely instrumental (transformation and control of the world), a shortcoming that should be corrected in future studies. With this proviso, examination of Table 1 provides an initial snapshot of which consequences of science meet with approval (the plussign items, for which the percentage of agreement exceeds that of disagreement, and the minus-sign items, for which disagreement exceeds agreement, which we group here for ease of reading in two blocks of favorable and unfavorable impact).
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In fifteen of the twenty-three items, the percentages obtained indicate positive "views" or attitudes toward science in the European Union as a whole (in nine of thirteen items with positive wordings and six of ten items with negative wordings), while the other eight clearly indicate the existence of critical positions (four of the thirteen items with positive wordings and four of the ten items with negative wordings). However, evaluative judgments (both positive and negative) exhibit a large variability. This characterization, which is merely descriptive, could usefully be supplemented by the identification of the aspects or domains in which "reservations" or critical perceptions are most salient, that is, suggestive of the existence of facets that for broad segments are problematic or clash with other values and principles. One natural way to achieve a synthetic image of perceptions of science is the construction of "summated scales," which are assumed to neutralize measurement error and singularities, capturing a latent common dimension of interest (Spector 1992) . The examination of their distribution with reference to selected exogenous variables is a straightforward process. This indeed is the analysis strategy most prevalent in the literature, although its effectiveness is modest only, because of the limitations of current measures of science perceptions and for substantive and methodological reasons set forth later in this article.
The Problem of NSRs
Explicit "don't know" and neutral ("neither . . . nor") responses to questionnaire items suggest that the cognitive stimulus, for a variety of reasons, is insufficiently strong, accessible, well defined, or meaningful to the respondent to produce a clear evaluative response to the attitude object, in our case science (Converse 1977; Faulkenberry and Mason 1978; Francis and Busch 1975; Krosnick 2002; Schuman and Presser 1996) . Among the possible reasons for the lack of a substantive response (i.e., "agree" or "disagree"), we can single out the low salience for particular segments of the public, or even the public at large, of some aspects of the science-society interaction, their complexity or cognitive barriers, and, secondarily, an ambivalent perception on the part of the respondent (typically choosing in this case a "neutral" response, which has been characterized as a "substantive response with less 12 Science Communication Note: Items for which agreement denotes a positive attitude toward the corresponding aspect of science are denoted with plus signs; items for which agreement denotes a negative attitude toward the corresponding aspect of science are denoted with minus signs. a. Modal percentage (i.e., the highest percentage out of the four response options in each item, remembering that "agree" groups the responses "strongly agree" and "agree to some extent," while "disagree" groups the responses "strongly disagree" and "disagree to some extent").
meaning [than a typical substantive response]"; Thiessen and Blasius 1998). The content (salience, complexity), the format of the items (presence or absence of a filter, range of the scale), the procedure for gathering the responses (face to face, telephone, mail, online questionnaires), and, in comparative studies, the so-called house effect (i.e., the companies carrying out the fieldwork in different periods or countries) have an impact on the level of NSRs, but so too do the characteristics of individuals preferring these types of responses to the substantive ones. 6 We do not claim that "neutral" ("neither . . . nor") responses are fully equivalent to plain "don't know" responses, but something of a more limited nature: both can be considered as different types of NSRs, distinct from agreement or disagreement responses. There is certainly a degree of overlap between the two response options, among other reasons because one of the factors behind "don't know" responses to attitudinal items is item ambiguity and the difficulty or ambivalence respondents feel in choosing either the agreement or disagreement side of the evaluative scale (Krosnick 2002) . Moreover, in contrast to dichotomic or binary scales that capture direction only (agreement, disagreement), scales that also accommodate intensity of feeling ("strongly" agree or disagree, agree or disagree "to some extent") offer individuals an evaluative space in which to locate themselves. It has to be said, though, that the far-from-abundant literature on this critically important topic is not conclusive about respondents' interpretations and selection of middle categories (Harkness 2003) . Our proposal is to focalize the analysis on a data matrix made up of defined agreement or disagreement responses, discarding those respondents who have opted to acknowledge their cognitive and/or evaluative distance from the items proposed following a brief characterization of the specific profile of each response type.
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The average percentage of NSRs per item (summing "neither . . . nor," 15.6 percent, and "don't know," 8.0 percent) works out to 23.6 percent for the total twelve-country sample (i.e., about one of every four interviewees could not or would not report an explicit or firm judgment on the facets or impacts of science and technology offered in the Eurobarometer; Figure 1 ). But NSRs exhibit a strong variability according to the item in question.
The items with the highest percentages of NSRs are "benefits," "progress," "new technology," and "inventions," which all top the 30 percent mark. It bears mention that three of these items require especially complex judgments, such as weighing the benefits and risks of science as a whole, the possible future discovery of scientific-technological solutions to the problems science may be creating in the present, and whether scientific progress will enable an increase in consumption while reducing its environmental impact. The fourth item refers to an issue that is opaque for the public at large as well as a debating point among specialists: the relation between new technologies and basic science (see Freeman and Soete 1997; Price 1975; Rosenberg 1982) . Sixteen items elicited more than 20 percent of NSRs in the total sample. No differences were observed in average NSRs between "positive" items (agreement denoting a favorable view of science) and "negative" ones (agreement denoting a negative view), which stood at 23.7 percent and 23.6 percent, respectively.
The items with the lowest percentages of NSRs were "illness," "lifecomfort," "industry," and "animals," all with less than 18 percent. This shows that the relations "science" and "healthcare," "science" and "daily comfort," "science" and "industrial development," and the "use of animals" in scientific experimentation for biomedical purposes are issues on which few people have no opinion (at least as measured by the Eurobarometer).
Recourse to NSRs (Table 2) , as we might expect, is significantly higher among those of a lower social status and cultural level-low income (29.9 percent of NSRs), leaving education at age 15 or younger (29.4 percent of NSRs), not interested in science (28.1 percent)-and, most saliently, among individuals with low levels of scientific knowledge as gauged from Eurobarometer questions (36.3 percent).
8 This finding shows how important it is to have measures of cognitive proximity to science (interest and patterns of information acquisition) and understanding of science (concepts, methods, and the institutional dimension of scientific practice) to estimate value judgments or attitudes toward it. "Scientific knowledge," even if only deficiently measured, is a meaningful explanatory variable for attitudes to science (in this case "nonattitudes"). NSRs in this low status group split almost evenly between "don't know" and neutral ("neither . . . nor").
Conversely, individuals of higher social and educational status record significantly fewer NSRs; 16.3 percent of the high-income group, with the Pardo, Calvo / Mapping Perceptions of Science 15 Note: The first six items correspond to positive judgments (from "benefits" to "illness") and the next four to critical ones (from "science" to "computers"). The last five items (from "progress" to "industry") exhibit the largest percentage differences between nations or between the extreme categories of sociocultural and cognitive variables.
distribution.
group leaving education at age 20 or older at 17.1 percent, and the highscientific-literacy group at 16.6 percent. It bears mention that the composition of NSRs in the subset of high social and educational status differs markedly from that of the subset at the other extreme, in that approximately 80 percent of NSRs correspond to neutral responses ("neither . . . nor") against only 20 percent to "don't know" responses (equating in direct percentage terms to 14 percent of "neither . . . nor" responses and only 3 percent of "don't know" responses). These readings suggest that true neutrality or evaluative indifference to the prompt may be the source of most NSRs in high-status groups, whereas neutrality and cognitive distance record similar scores among the low-status groups.
In specific items, the large differences in NSR levels indicate a serious gap in respondents' ability to evaluate the science domain or, more precisely, certain aspects of the domain. The difference in NSRs between the extreme groups on the scientific literacy axis ("high," "low") extends to twenty-four points in "benefits," thirty points in "industry," and forty-five points in "new technology"; similarly, the highest and lowest income groups are at a distance of seventeen points in "work" and nineteen points in "progress."
Moreover, NSR levels exhibit wide variations within each group or social segment according to the nature of the subject item, which tend to reproduce the abovementioned distances, that is, some aspects of science are hard to evaluate even for high-status groups and those with a greater understanding of science: for example, in the high-income group, the "illness" item had an NSR rate of just 3.9 percent against the 27.4 percent of the "science" item, and in the high-scientific-knowledge group, the 5.4 percent NSRs of "illness" contrasted with the 24.5 percent of "progress" and the 25.6 percent of "benefits." It appears that even individuals cognitively closer to science encounter difficulties in evaluating abstract statements or complex views about the effects of science that involve weighing various positive and negative factors in a single mental operation.
Moving on from groups of individuals to the aggregate standpoint of the nation, we also find marked differences in the average levels of NSRs. Portugal ranks first by this measure with 36.0 percent, followed by Greece with 28.8 percent, Spain and Belgium with 26.7 percent, and Italy with 25.1 percent. Below the 21 percent mark stand the United Kingdom with 20.4 percent, the Netherlands with 19.5 percent, and, the lowest scoring, Denmark, with 16.6 percent. Among the less advanced nations (Portugal, Greece, Spain, and Ireland), the percentage of "don't know" answers exceeds that of "neither . . . nor," while the breakdown runs the other way in all remaining countries. In general, the rule holds true that less advanced countries and groups of lower status, education, and scientific literacy record the highest levels of NSRs or, put another way, "cognitive and evaluative distance" with respect to science.
We can obtain a synthetic metric of the difficulty of evaluating science by constructing an index of cognitive and evaluative distance (ICED) for each individual, sociodemographic group, and nation. The algorithm for constructing and computing this index, split initially into its two components (cognitive distance and evaluative distance), comprises the following steps (convertible, e.g., into SPSS syntax commands): (a) An index of cognitive distance (ICD) variable is created for each case in the data matrix, with initial value zero. (b) After automatically screening each subject and item (in our case twenty-three items) for the presence of the "don't know" code, a value of one is assigned to the ICD variable for each item with "don't know" responses present and a value of zero to cases showing no "don't know" responses. The total number of "don't know" responses will determine the score of each individual on the said index. (c) An index of evaluative distance (IED) variable is created for each case, likewise with an initial value equal to zero, then the screening of all subjects and items for the presence of a "neither . . . nor" response, and assigning of the value one for each item where it is found and the value zero for cases where it is absent. The sum of values of one will give the individual's score for the IED variable. (d) The fourth step has two possible variants, depending on whether the preference is to give each component the same weight in the final ICED score (simply adding together the ICD and IED scores of each individual) or to give a differential weight to one or another NSR category (i.e., weighting the score obtained in the corresponding index before adding the two together). (e) The score obtained for each individual using either of these two variants can be easily transformed into a new value indicating that person's propensity to offer an NSR by simply dividing it by the number of items. (f) To determine the NSR propensity of a given sociodemographic group or nation, sum the scores of all the individuals belonging to that group or nation and divide by the size n of the group or nation. The resulting ICED range will run from zero (no individual responding "don't know" or "neither . . . nor") to the value of the differential weight (provided it is greater than or equal to one).
For the purposes of this analysis, we sum the average percentages of "neither . . . nor" and "don't know" responses, assigning a differential weight to the express recognition of "no opinion" or cognitive distance (weight of two) and to the "neutral" responses indicative of a cognitive and/or evaluative distance (weight of one), recognizing that this last type of NSR may have various explanations. The resulting range is accordingly from zero to two. Each group's distance from or proximity to the attitude object, as measured by the ICED, tends to depend more on the exogenous variables we can label cognitive (some generic cognitive variables such as education level and, above all, others specific to the PUOS field, such as "knowledge of methods" and "knowledge of concepts") than on conventional sociodemographic variables (income, social class, age, gender). Both the lowstatus and low-knowledge groups and the less advanced nations turn out to be furthest away from the attitude object (i.e., from the different facets of science; Figures 2 and 3 ). More specifically, the difference in ICED readings between the high-knowledge and low-knowledge groups in what is known in the literature as the methodic dimension of science 9 stands at 0.44 points across the sample, the difference between the high-and low-knowledge groups in scientific concepts is 0.37 points, and, finally, the difference between those aged twenty or more when leaving education and those aged fifteen or less comes to 0.23 points. None of the main sociodemographic variables (gender, subjective social class, leadership) produces such pronounced differences (the sole exception being the "income" variable, which stands near the values found for "age of finishing education," namely, a difference of 0.25 points between the high and low category, still a long way behind the more specific cognitive variables). Among nations, the highest ICED readings correspond to Portugal, Greece, and Spain (0.56, 0.44, and 0.41, respectively) and the lowest to the United Kingdom, the Netherlands, and Denmark (0.26, 0.26, and 0.22, respectively) . Note that differences between nations were found to be more modest than between social groups in the sample as a whole.
Examining the "nation"-"social group" interaction in the ICED, we find that this pattern holds true for each European society. Namely, it is the groups with low social status and low knowledge levels that have the most difficulties evaluating science. These social and cognitive differences are also greater between extreme groups (high, low status; high, low knowledge) in the less advanced than in the more advanced nations, evidencing a greater stratification between groups in the former regarding their ability to judge the science object. The most illustrative cases are Portugal, with a difference of 0.65 points between low-and high-knowledge groups and a difference of 0.62 points between low-and high-income groups, Greece (differences of 0.52 points and 0.51 points, respectively), and Ireland (differences of 0.54 points and 0.31 points, respectively), compared with the Netherlands (differences of 0.32 points and 0.19 points) or Belgium (differences of 0.21 points and 0.07 points).
The pattern of a larger difference in knowledge-based ICED readings was observed in almost every case, which stands as an indirect indicator of the explanatory force of the cognitive variables proper to the PUOS field in interpreting attitudes to and perceptions of science. It is to be expected, therefore, that more sophisticated and metrically more refined measures of the "scientific knowledge" variable will provide richer and statistically more powerful analyses of such central issues in the field as the relationships between knowledge and attitudes.
A Correspondence Analysis (CA) Map of Perceptions of Science
The statistical technique chosen here to characterize public perceptions of science is simple CA, a multivariate analytical tool used for exploratory purposes. Unlike other techniques, it imposes virtually no assumptions about the underlying structure of the data (Greenacre and Blasius 1994) and, accordingly, requires neither linear relations between the variables in question nor the measurement of variables at an interval or ratio level. CA is a versatile method of the family of data visualization statistical tools, primarily applied to cross-tabular data (contingency tables), whose results are a "map" of points representing the rows and columns of the table. Similarly to principal-component analysis, CA is also a method of dimension reduction, although with the difference that the distances are chi-square distances and the points have masses (or weights given to each point proportionally to the marginal frequency). Each row or column of a frequency table defines a different "profile" (a set of relative frequencies or frequencies expressed relative to their total), and it is precisely these profiles or coordinates of a point that are represented in a CA map (Greenacre 1993) .
A simple or a stacked table is thus projected as points on a map, which lets us visually examine the differences and similarities between variables and/or categories of variables. The proximity on the map of variables or categories indicates associativity, similarity, or confusion between them, while variables or categories of variables standing far apart on its horizontal or vertical axes indicate a differential nature. The points (variables, categories) furthest away from the origin can be read as having a high degree of specificity versus the others appearing on the map, particularly near the origin of the coordinate system. Only vertical and horizontal, not diagonal, distances are meaningful or interpretable. With these few simple rules for reading factorial maps, and some quantitative indicators of the map's quality of representation of the table, an analyst can interpret the general meaning contained in or deducible from the data matrix.
The first step before the analysis proper is to create a general data matrix, in this case a stacked table (or "supertable," a kind of table of tables) formed by thirty-nine rows (twenty-seven sociodemographic groups and twelve nations) and thirty-two columns or categories (see Table 3 ). Sixteen of these columns show the agreement percentages (collapsing the "strongly agree" and "agree to some extent" categories) of each row with the sixteen items in the science evaluation battery, while the other sixteen give the percentages of disagreement (collapsing "strongly disagree" and "disagree to some extent") with the same sixteen items. These percentages factor only the subjects in each group or nation providing a valid response; that is, they exclude all those giving NSRs ("neither . . . nor" and "don't know"). The resulting matrix displays the judgments in favor or against of those individuals able and willing to evaluate the science facets or aspects posed in each item.
The last three rows of Table 3 (rows 40 to 42) are occupied by what are known as supplementary points, which neither influence nor mathematically alter the representation of the other thirty-nine rows (known as "active" rows) on the factorial map but can be projected onto the map on the basis of their profile. The map position of these supplementary points can therefore be interpreted in relation to the "active" points (see Greenacre 1993) . In this case, the last three rows contain the percentages obtained in different items or categories by three respondent groups labeled "high status," "intermediate status," and "low status" according to the possession of certain preset characteristics (as documented below).
The aim of this analysis is to gain a global understanding of the information through a small number of axes or factors, which graphically extract most of the statistical meaning from the data matrix. Each row (in our case, sociodemographic group and nation) and column (perceptions of science items) gets a given score in the coordinates or axes and is assigned a position on the factorial map. In this map, the points clustered around the origin (coordinates 0, 0) have more similarities with the average profile (rows or columns of relative frequencies, usually in percentage form), while those located further away, particularly on the periphery and extremes, will be those deviating from the average response profile of other groups or nations or other items. To reiterate, the proximity and distance of such points will be suggestive of their similarity or association or, alternatively, their dissimilarity or distance. If one of these peripheral points representing a given group (or nation) is close to another point representing an item, it means that there is a "kinship" or close association between the two, that is, that the group (or nation) in question is evaluating the item (high or low percentage of agreement or disagreement) in a distinct way from other groups or nations. The proximity of two or more points representing groups (or nations) will indicate a fairly similar evaluative behavior. Finally, the proximity of two or more items will mean they were similarly evaluated by the groups (or nations). The CA described in the following pages thus rests on the visual interpretation of proximities and distances between the points plotted on the factorial map, combined with an examination of the formal statistical aspects of the representation or the quality of the "solution." Of these aspects, we can highlight the different explanatory power (explained inertia) of each axis or factor and also the contribution of the axes to each point (in our case social group, nation, and item), also known as "relative contribution."
10 The analysis is then rounded off by a direct exploration of frequencies (stated here as percentages).
The Strength of Sociodemographic Variables in the Factorial Map
The central goal of the analysis is to characterize the behavior of different sociodemographic groups and European nations in their evaluation of science, without imposing linearity restrictions and the corresponding metric constraints on these relations. The groups intervening in the analysis respond to the canonical social variables (age, gender, subjective social class, income, leadership, education) and other, cognitive variables germane to our present study and the PUOS field at large (interest in science and technology, knowledge of scientific concepts, knowledge of scientific methods). All variables are represented by three values or categories, except for gender (two categories) and education (four categories). The "nation" variable, pivotal to our analysis for its supposedly decisive influence on perceptions of science, comprises twelve categories corresponding to the same number of countries. Of the twenty-three items included in the science attitudes questionnaire, sixteen were selected for the analysis because of their substantive interest and statistical distribution (see Table 3 ).
In this section, we identify the dominant associative patterns between perceptions of science on one hand and the set of sociodemographic categories and nations on the other. We then examine the role or relevance of each type of variable (i.e., sociodemographic vs. nation, classical sociodemographic vs. cognitive variables) in the factorial map. Figure 4 and Table 4 give the most relevant statistical results of the simple CA carried out on the 39 (rows) × 32 (columns) matrix.
The "inertia" 11 explained by a three-factor solution comes to 76.8 percent, indicating the presence of affinity blocs between subject groups and nations with certain subsets of item categories (agreement, disagreement). Figure 4 (in which factors I and II are represented) shows well-differentiated factorial locations, evidencing the structure and content of axes (factors), which in turn capture the "meaning" of the data matrix.
Factor I, on the horizontal axis, accounts for a sizable percentage of total inertia, namely, 46.1 percent compared with the 20.0 percent of factor II and the modest 10.7 percent 12 corresponding to factor III. On the left of the first factor lie the disagreement categories of five items. Four out of the five are negatively worded (such that disagreement denotes a positive perception of science) and deal with important aspects of the science-society interaction: the social change caused by science is too fast, too much dependence on science instead of religious faith, knowing about science is unimportant for daily life, and scientific and technological research have no relevance for industrial development. The fifth is positively worded (agreement denotes a positive view of science) and affirms that scientists work to improve people's lives. 13 Positioned close to the disagreement categories of these five items are the highest socioeconomic status and high-scientific-knowledge groups. This proximity is because these are the groups exhibiting the largest percentages of disagreement in the five items, particularly compared with the groups located on the factor's opposite side. On the right side of the factor, 
Figure 4
Correspondence Analysis Map of Table 4 Note: Thirty-nine active rows, three supplementary rows, sociodemographic groups and nations, and thirty-two columns, sixteen "agreement items"
and sixteen "disagreement items," including only groups, nations, and categories (agreement, disagreement) considered significant according to the following double threshold: exhibiting an overall explanatory power (relative contribution in the three-factor correspondence analysis) higher than .510 and higher than .350 in any of the three factors. There are only two exceptions: the "middle-income group" (relative contribution .482) and the group corresponding to "middle scientific knowledge" (relative contribution .428), whose contributions are mainly concentrated in factor I.
distribution.
we find the same five items, only this time in their agreement categories and, associated to them by proximity, the lowest socioeconomic status and low-scientific-knowledge groups. 14 The groups occupying the upper reaches of the stratification by "social status" and "scientific knowledge" (or cognitive proximity to science) stand out from the rest and, most pronouncedly, from those lodged at the other extreme of the social and cognitive scale, in their lesser appreciation of the reservations or side effects of science (though they also tend to manifest most disagreement about the final motivation of scientists, perhaps believing that researchers are primarily interested in understanding new problems and the symbolic and material rewards that this may bring, rather than in obtaining practical results "for the average person," a perception that would merit further examination in future studies; see Merton 1973; Ziman 1984) . The composition of factor I brings to light two basic questions of substantive and methodological interest (see Figure 5 ). The first is the strong discriminating power of sociodemographic variables as opposed to nations (much weaker), primarily in negatively worded items. The second is that the main points separating groups in their perceptions of science must be sought in reservations, not in promises. To put this another way, almost all groups hold similar views of the positive effects of science ("promise") mentioned in the questionnaire but diverge in their appreciation of its side effects (with the groups at the lower end of the social stratification showing most reservations with regard to the pace of social change and religious beliefs) and their views about the importance of science in daily life and for industrial development (perceived more weakly by lower status groups).
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These results, which point to a marked social stratification with regard to reservations toward science, can be confirmed by means of a simple typology of three large groups (high, intermediate, and low social and or cognitive status), defined according to the scores obtained in three or more variables out of a set of six. The "high-status" group is formed by respondents meeting three or more of the following conditions: having a "high income" (income variable), considering themselves "upper-middle class" (subjective social class), being "20 or older at the time of leaving education" (education), and with "high leadership" (leadership), "high scientific knowledge (9-12 points)," and "high knowledge of scientific method (3 points)." By this yardstick, 15.2 percent of the European population can be classified as "high status." The other extreme group, "low status," is formed by respondents fitting three or more conditions characteristic of those located at the base of the stratification system: "lowest income quartile," "working class," "low leadership," "15 or younger at the time of leaving education," "low scientific knowledge (0-5 points)," and "low knowledge of scientific method (0 points)." Twenty-one percent of the European population falls within this group. Finally, a clear majority of respondents are of what we might call "intermediate status." The 63.8 percent of the population falling within this group comprises all those respondents failing to exhibit three or more characteristics in either the high-status or low-status category. Figure 6 shows that the "high-status" group records higher percentages of disagreement in the four reservation items than the "low-status" group. Individuals with at least three "high-status" characteristics exhibit a propensity to have fewer reservations about science than those at the opposite end of the classification. This is not to say that the "high-status" subset does not feel significant reservations about some facets of science, simply that the extent of these reservations is markedly lower than that expressed by the other large group: 39.7 percent of high-status respondents agree that we depend too much on science ("science") against 72.1 percent of lowstatus respondents, while 54.8 percent of high-status respondents see the social change associated to science as too fast ("way of life") against 82.4 percent of low-status respondents.
The differences between sociodemographic groups observed in the factorial map are set out in numerical form in Table 5 . These readings show the greater discriminatory power for reservations of the cognitive variables that are most specific or closest to the object (the evaluation of science), namely, knowledge of scientific concepts and, above all, knowledge of scientific methods. To reiterate, this suggests that a more robust "scientific literacy" metric than we now have available could explain a greater percentage of variance in attitudes to or perceptions of science, though not necessarily in the form of linear models (Pardo and Calvo 2004 ).
Pardo, Calvo / Mapping Perceptions of Science 29 Between the two groups occupying the opposite extremes lies the "intermediate-status" group and all the intermediate categories, which we can see clustered round the origin of factor I (point 0, 0 in Figure 4) . 16 The statistical significance of this factorial equidistance from the high and low groups in the proposed stratification system is none other than having scored disagreement percentages (particularly in the four negatively worded items) higher than those of the high-status group, but not so high as those of the low-status group.
The evaluative position of high, intermediate, and low sociodemographic groups, and also of segments with different levels of familiarity with science, is depicted in Figure 7 (referring to the item "daily life" but extensible to the other three reservation items). Their positioning here and in the factorial map reveals the existence of an ordered scale stretching from the greater reservations of the groups at the lower end of the social and cultural stratification system to the lesser reservations of those at the top, via the midway evaluative positions of the intermediate groups. We thus have a social and cognitive segmentation structuring or shaping how people apprehend different facets of the science-society interaction. This differentiation emerges in the intensity with which the three groups perceive the reservations or side effects of science, and not its promise, as there are barely any meaningful differences by this last measure.
The absence of the nation variable in the composition of this first factor is another noteworthy finding of the present CA (the sole exception being Portugal, which is bound strongly to the factor and exhibits a high relative contribution, at .619, indicative of an evaluative behavior by the country as a whole similar to that identified for the low-status group, that is, at the lower end of the stratification). Nations tend not to display clear or constant evaluative differences with regard to the ten columns (five agreement and five disagreement categories) making up the reservations about science axis, in contrast to what occurs with sociodemographic groups. Contrary to the received wisdom, there is no conclusive evidence that nations split into two clear blocs by their perceptions of science: one comprising the more developed nations (in the center and north of Europe) and the other the less developed nations of southern Europe.
The Fragmentation of Nations
The items measuring the "promise" of science are missing from the composition of factor I, that is, the factor capturing the highest percentage of inertia or association. Specifically, ten of the eleven positively worded items (agreement with a positive evaluation of science) are absent from this factor. The issues involved are as central to the public's perception of science as the greater good than harm done by scientific knowledge ("benefits"), the possibility that science will help cure serious diseases such as AIDS or cancer ("illness"), the creation of more opportunities for future generations ("future"), the greater comfort science can provide ("lifecomfort"), the greater competitiveness of the economy ("economy"), the idea that basic scientific research should receive government funding ("government"), the power to make work more interesting ("work"), a means to increase consumption without polluting the environment ("progress"), employment creation ("jobs"), and the acceptance of research on animals (even if it causes them pain) to advance biomedical knowledge ("animals"). Only four of these promise items ("work," "future," "economy," and "illness") present a degree of affinity permitting their inclusion in factor II, associated in the disagreement category to three nations and in the agreement category to one nation only. The remaining six items stand out above all for their singularity. Four of them ("lifecomfort," "progress," "jobs," and "government") do not form part of any of the three factors, their relative contribution to the factors being less than .350, while a further two ("animals" and "benefits") form part of the weak and largely uninterpretable factor III. They figure as isolated pockets of significance, unable to exert any mutual attraction or any influence over other items, because of the relative independence of the perceptions of science implicit in their wording.
Factor II has an explanatory power of 20.0 percent of inertia and is made up along one of its sides by three countries-the United Kingdom, France, and Belgium-associated to the disagreement categories of the four "promise" items, 17 and by the group corresponding to the female gender. On the opposite side stands the factorially distant and isolated Greece, associated to the agreement categories of these same four items, along with the high interest group and the gender group male (Figure 8 ).
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There is one obvious reason why "promise" items do not find a space in the first factor: the fact that there are no significant and constant percentage differences between the three groups of high, intermediate, and low status or, more precisely, between the active variables or categories serving to define these three groups. This is illustrated by Figures 9a and 9b with reference to "future" and "economy," but the observation also holds true for the other three items. Not only are the effects of science very positively rated in the facets captured by "future," "economy," "illness," and "work," but there is also no significant variance in the perceptions of the three status groups (once again, between the categories we use to characterize each).
An apparently plausible interpretation of the different groups' perceptions of science would be that "the higher the social status and scientific literacy, the more agreement with promise items and, conversely, the lower the agreement with reservation items," assuming that the opposite would hold true for the low social status and low scientific literacy groups. Broadly speaking, these are the results we get from analyzing the percentages for each category without removing NSRs ("don't know" and "neither . . . nor"). However, if we bring the ICED into play, excluding individuals with "nonattitudes" from our analysis, that is, factoring only valid percentages, we obtain the CA findings presented in this article, namely, that all the sociodemographic groups share the same views on the promise of science while, in contrast, exhibiting marked differences in their perceptions of reservation items, with the greatest apprehension corresponding to the low-status and low-scientific-literacy groups.
Factor II, as we have seen, takes in a few nations but finds no space for the majority: the Netherlands, West Germany, Italy, Denmark, Ireland, Spain, and East Germany. This is suggestive of their singularity, a quality we can even observe with regard to those science facets, the promise of science, for which, conversely, there is least discrepancy between sociodemographic groups. It appears that the agreement or disagreement each nation reports for each evaluation item is a kind of quasi-mean of the percentage data for all the varied individuals making up that society (more or less educated, older or younger, high or low income or leadership, interest or no interest in science, higher or lower scientific knowledge). Each national finding, as such, is influenced by the kind of social stratification existing within the country that relates, in turn, to its historical track record of interaction with science and technology (what has been called "the intellectual appropriation" [Hard and Jamison 1998 ] of science and technology but could be more comprehensively labeled as the "integration" or "embedding" of science in each national culture). It is therefore reasonable to expect few strong similarities in their positioning with regard to science, and highly unlikely that we will find two distinct nation blocs made up of similar internal units. The CA reported here characterizes the Europe of the end of the twentieth century as a space of nations, mostly exhibiting their own singularity in the evaluative appropriation of science and technology. This fragmentation of nations is more patent still when we compare their weak grouping ("correspondences") with the associative patterns or blocs of sociodemographic groups, which are present furthermore in the most powerful statistical and conceptual factor (i.e., factor I).
The particularities of nations in their evaluative positioning vis-à-vis science can be readily appreciated in Figure 10 (supplementing the picture given by CA), which portrays the statistical behavior of six nations and nine items (the first six positively worded and the last three negatively worded) as a representative sample of their respective sets. The deviation of their "agreement" percentages from the average percentage per item reveals each nation's particular evaluative profile with respect to the science facets posed by these nine items. Denmark's profile, for instance, looks nothing like West Germany's, and neither of the two shows many similarities with the Netherlands, Italy, Spain, or Greece (nor this last group of three southern European countries among themselves).
The nation variable, in sum, exhibits differentiating force for science perceptions but accompanied by a high degree of specificity. Laid out in space, the corresponding points resemble a mosaic of singular pieces rather than any kind of known pattern. To interpret this mosaic, the researcher of public perceptions of science would have to call on the historian and on the qualitative tradition, especially attuned to the comprehension of the domain of the concrete and specific. 
Conclusions
The preceding pages present a map of perceptions of science in end-ofcentury Europe, which displays some of the most salient elements of how science was appropriated in the culture of the time. Few can doubt that the last third of the twentieth century stood out for the profound interdependence between, on one hand, advances in scientific knowledge and, on the other, individual and collective modes of needs fulfillment, from health care to economic growth by way of entertainment, a phenomenon that has been given the labels of "knowledge society" and "new economy." Hence the interest in discovering whether the radical transformation of material culture that simultaneously flows from and depends on science and technology has been accompanied by a similar change in the universe of symbolic culture and, in particular, in the cognitive and evaluative schema of the population. The interaction between the symbolic and socioeconomic domain is a question addressed in several sociological theories, most eminently the theory of the transition of values from modernity to postmodernity (Inglehart 1997 ) and the theory of the "postindustrial society" (Bell 1999) . Surprisingly, these models attach only negligible importance, if any at all, to people's perceptions of science. Other social analysis lines dealing in the science-society interaction at the turn of the century, such as risk society theories, have focused almost wholly on one dimension, that of systemic risks and how society views them, to the exclusion or marginalization of all other facets of the science-society interaction (Beck 1992) . The literature of the PUOS field has developed instruments for measuring the public's perceptions of science, in the process accumulating a large body of empirical evidence and offering valuable insights into both the strictly cognitive component (understanding of science) and the evaluative side (attitudes to science) of how science is received. But this literature too, with its emphasis on the cultural (cognitive and evaluative) reception of science, has significant limitations of approach and method that have narrowed its field of vision (excluding issues of major interest) and produced less than robust results that are hard to connect with those of more comprehensive social analysis approaches.
The analysis offered here, which draws on Eurobarometer measurements, starts from substantive and methodological assumptions differing from those employed in the hitherto most widely used approach. Among the substantive assumptions, we can single out the complexity of the "science" object as a target for views and attitudes (suggesting the interest of future studies to estimate cognitive and evaluative distances from science), the fragmentation of perceptions versus compact or structured ideological positions (pro-and antiscience), the existence of ambivalence in perceptions of science, and, last but not least, the concurrence of homogenizing or convergence forces (certain shared sociodemographic and cognitive traits across all European societies) and singularizing or differentiating forces (rooted in national structures and their historical trajectories) in the cultural appropriation of science in the globalization context. Among the methodological assumptions, some associated to the substantive ones described above, we can cite the nonimposition of indicators on the basis of the additivity of existing measures (summated scales) or of parametric constraints on the analysis. We propose instead the use of multivariate exploratory techniques imposing little structure on the data matrix (integrated by direct agreement and disagreement scores). After offering an estimate of cognitive and evaluative distance from the science object, our analysis confines itself to comparing the perceptions of the population subset (whose size varies by country and sociodemographic group) able and willing to form value judgments on the different facets of science.
We have conducted our analysis without regard to certain core assumptions of attitudes theory, in particular, the existence of an evaluative continuum stretching from systematic rejection of science to the most wholehearted acceptance. In its stead, we use the conceptual system put forward in the literature (Miller, Pardo, and Niwa 1997) based on the dual schema of "promise of science" and "reservations toward science," but without collapsing the questionnaire items specific to each, that is, without giving individuals only two scores, one for promise and the other for reservations. The idea was to conserve the identity of items and observe their behavior using direct data (percentages of agreement and disagreement), their grouping patterns, and the greater or lesser discriminatory power of each item for science perceptions per group or nation. It has been found that some facets of science trigger sharply differing evaluative responses in European societies, a question that merits fuller investigation calling on historiographic or qualitative methods.
In a context of growing globalization, sociodemographic and cognitive variables exhibit greater power than the national variable in forming patterns of similarity and difference in the way people perceive and judge science. Educational level, understanding of science (however elementary), social status, and other social characteristics act as convergent forces that transcend national boundaries. In contrast, a study of the data for each nation brings to light the high specificity of each society in its judgment on and cultural appropriation of science (this is already a given in the history of science and technology; see, e.g., Hecht 1998 , exploring France's particular relationship with nuclear power). This specificity in science perceptions is strong enough to negate any attempt at a simple grouping of societies into the North versus the South of Europe. Whether growing European Union integration is driving greater convergence in cultures and public perceptions of science is a moot point requiring deeper study.
As to the assumption that the perceptual divide between groups at the opposite extremes of the social stratification system would be that higher status groups are readier to apprehend the promise of science and, at the same time, show fewer reservations than the lower status groups, we have shown that the picture is a deal more complex, substantively and methodologically. There are virtually no differences in how the two groups view the positive aspects of science measured by the Eurobarometer, that is, pairings such as science and health or science and comfort, but significant distances are observable in their perception of certain (real or supposed) side effects of scientific change, such as its role in undermining religious beliefs or accelerating social change. It is the groups at the lower extreme of the stratification system that are most sensitive to such effects or impacts. The groups who, we assume, stand most to benefit from socioeconomic change driven by science and technology, and have the most influence on its direction, also have their reservations, but these tend to be far less acutely felt. In this sense, it seems warranted to talk of a social and cognitive stratification in perceptions of science at the turn of the century, albeit localized mainly on the reservations side. These findings suggest the interest of measuring other facets of reservations to science, if possible including some not covered by the Eurobarometer, such as the perceived linkages between scientific advance, the arms industry and war at the turn of the century, other impacts on the global environment or science-based risks, which may perhaps be similarly perceived by one and the other group (compared with the more classic type of reservation measured by the Eurobarometer). Clearly, negatively worded items (such that agreement denotes a critical view of science) should have their number enlarged and cover more varied facets (following a qualitative study of the reservation facets having most salience with today's public).
Without getting into the debate so widely covered in the literature on the precision and richness of the "scientific literacy" or understanding variable, we have shown that the much discussed question of the relationships between knowledge and attitudes has some straightforward answers if approached in a parsimonious manner, without making unnecessary or unwarranted assumptions about the metric nature of the data and their type
